REMARKS 

I. Drawings 

At paragraph 5 of the Office Action mailed on February 16, 2005 ("the Office 
Action"), the Examiner asserted that the amendment to the Drawings filed by the Applicants on 
September 29, 2004 failed to meet the requirements of 37 CFR 1.121 for failing to indicate 
"Replacement Sheet" in the top margin of the replacement drawing sheets, hi response. 
Applicants file herewith a set of replacement drawing sheets labeled as "Replacement Sheets" 
pursuant to 37 CFR L12L Accordingly, the objection to the Drawings may be withdrawn. 

II. Specification 

At paragraph 6 of the Office Action, the Examiner objected to the abstract filed 
by the Applicants on September 29, 2004 for assertedly failing to meet the requirements of 37 
CFR 1.121. In response. Applicants submit herewith the replacement abstract on a separate 
sheet. Accordingly, the objection to the amendment to the abstract may be withdrawn. 

At paragraph 7 of the Office Action, the Examiner requested clarification of 
Applicants amendment of September 29, 2004 because the aforementioned amendment included 
references to paragraphs numbered as sections while the application as filed is presented as plain 
text, hi response, Applicants point out that the paragraph numbering was for the Examiner's 
convenience considering the numerous amendments presented in numerous paragraphs. 
Nevertheless, Applicants file herewith a new amendment to the specification that omits the 
paragraph numbering so as to maintain the format of the application as filed. As such. 
Applicants submit that the amendment is proper and respectfully request notification of the same. 

At paragraph 8 of the Office Action, the Examiner points out to the Applicants 
what was meant in the Examiner's objection set forth in the Office Action mailed on March 26, 
2004. Specifically, the Examiner points out the "KSPV" sequence at page 59, second paragraph, 
line 2. In response. Applicants first thstnk the Examiner for the clarification. Applicants point 
out that despite Applicant's confusion with respect to the sequence referred to by the Examiner 
in the Office Action mailed on March 26, 2004, Applicants did, in fact, amend the specification 
to associate a sequence identifier with the "KSPV" sequence at page 59, second paragraph, line 
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2. Applicants direct the Examiner's attention to the amendment filed on January 6, 2005, at page 
20. Moreover, Applicants provided a substitute Sequence Listing. For the Examiner's 
convenience, the aforementioned amendment is duplicated above, and a copy of the sequence 
listing and disk is filed herewith as Appendix A. As such, the objection to the specification for 
failure to comply with the sequence rules may be withdrawn. 

III. Status of the Claims 

Claims 33-40 are pending in this application. Claims 33-40 are rejected under 35 
use §112, first and second paragraphs. 

IV. The rejection under 35 USC first paragraph, may be withdrawn 

The Examiner rejected claims 33-40 under 35 USC §112, first paragraph, for 
assertedly containing subject matter which was not described in the specification in such a way 
as to enable one skilled in the art to which it pertains to make the invention. Specifically, the 
Examiner asserted the instant specification fails to provide guidance as to how to make the 
claimed antibody, thereby requiring undue experimentation to discover how to use Applicant's 
invention. The Examiner further asserted that the instant specification as filed fails to present 
any guidance on how to produce an antibody that binds to phosphorylated Serine at position 262 
and does not bind native or dephosphorylated Serine at residue 262. The Applicants respectfully 
traverse. 

First, Applicants reiterate that procedures for making and identifying antibodies 
are well known in the art (See, e.g.. Antibodies: A Laboratory Manual^ Harlow and Lane (eds.). 
Cold Spring Harbor Laboratory Press, 1988). Indeed, the Examiner admits that "production of 
antibodies in general is extensively described in textbooks and laboratory manuals." (Office 
Action at page 4) Nevertheless, the Examiner asserted that "one skilled in the art cannot rely on 
the prior art for guidance on how to produce such a unique antibody. . However, attached 
hereto as Appendix B is Otvos et al.. Int. J. Peptide Protein Res., 34:129-133 (1989) and as 
Appendix C is Lacombe et al.. Int. J. Peptide Protein Res., 36:275-280 (1990) which teach 
methods to phosphorylate specific serine residues in peptide sequences. AppHcants submit that 
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the teachings of Otvos et al. and Lacombe et al. combined with the teachings in Harlow and Lane 
provide sufficient guidance to produce an antibody that specifically recognizes phosphorlyated 
epitopes (as opposed to unphosphorylated epitopes). Further, Applicants submit that monoclonal 
antibodies that bind phosphorylated, but not dephosphorylated, epitopes were known in the art. 
(see, e.g.. Appendix D; Roth et al., Hybridoma, 1 1 1 :2217-2223 (1990)) 

Moreover, the specification as filed teaches that the **the technical problem 
underlying the present invention was to provide a phosphorylated epitope characteristic for the 
Alzheimer tau protein,. . (See, e.g., page 4 of the specification). The specification as filed also 
discloses that Lee et al.. Science, 251:675-678 (1991) (Submitted with Applicants Information 
Disclosure Statement of July 8, 2002) "made antibodies directed to a phosphorylated peptide 
comprising the KSPV motif in the C-terminal region of the tau protein." Specifically, Lee et al. 
describe an antibody that binds a phosphorylated peptide (amino acid sequence 
GAEIVYKSPWSGD) after said peptide was prepared by "selective phosphorylation of the first 
Ser." Lee et al. cite Otvos et al. with respect to the selective phosphorylation procedure. Thus, 
methods for phosphorylating peptide sequences and antibodies that bind specifically to 
phosphhorylated peptides were known in the art. 

Considering the above. Applicants submit that undue experimentation would not 
be required to use Applicant's invention as presently claimed. Accordingly, the rejection under 
35 use §112, first paragraph, may be withdrawn. 

V. The rejection under 35 USC §112, second paragraphs may be withdrawn 

Claim 40 was rejected under 35 USC §112, second paragraph, for assertedly 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. Specifically, the Examiner asserted that there is insufficient antecedent basis for 
the phrase "phosphorylated residue-binding antibody." In response. Applicants have amended 
claim 40 to replace the phrase "phosphorylated residue-binding antibody" with the term 
"antibody." Applicants submit that the term "antibody" has sufficient antecedent basis 
considering claim 40 depends firom claim 39 which recites "an antibody. . ." (See, e.g.. 
Applicant's amendment was of January 6, 2005, page 24). Accordingly, the rejection under 35 
USC §112, second paragraph, may be withdrawn. 
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VI. The double patenting rejection may be withdrawn 

The Examiner advised the Applicants that should claim 33 be found allowable, 
claims 34-35 will be objected to xmder 37 CFR 1.75 as being a substantial duplicate thereof. The 
Applicants respectfully request that the double patenting rejection be held in abeyance until 
allowance of claimed subject matter has been acknowledged. 
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CONCLUSION 

In view of the above, each of the presently pending claims in this application is 
believed to be in immediate condition for allowance. Accordingly, the Examiner is respectfully 
requested to pass this application to issue. 

Dated: August 15, 2005 Respectfujly submitted, 
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Solid-phase synthesis of phosphopeptides 

LASZLO OTVOS, Jr', ILONA ELEKES- and VIRGINIA M-Y. LEE\ 

'The Wistar Institute of Anatomy and Biology, Philadelphia, PA, USA: ^Research Laboratory for Peptide Chemistry, 
Hungarian Academy of Sciences, Budapest. Hungary: ^Department of Neuropathology, University of Pennsylvania, 

Philadelphia, PA, USA 

Received 12 August 1988, accepted for publication 17 January 1989 

We report the solid-phase synthesis of peptides containing O-phosphoserine. Coupling was with commerci- 
ally available Fmoc-amino acid pentafluorophenyl esters, with base used at each cycle to cleave Fmoc. 
Phosphorylation of those serine residues left unprotected on the peptide-resin was achieved with di- 
benzylphosphochloridate. and finally trifluoroacetic acid was used to remove side-chain protecting groups 
(including the benzyl groups used for the phosphate), and to cleave the peptide from the resin in the same 
step. This synthetic strategy enables the preparation of peptides with individual, selectively phosphorylated 
residues. Alternative approaches to introduce protected phosphate and continue with coupling of further 
amino acids were less advantageous due to the lability of the phosphate group to base and to steric 
hindrance. 

Key words: cheniical phosphorylation; Fmoc-amino acid-pentafluorophenyl esters; phosphate analysis; solid-phase pep- 
tide synthesis 



Synthetic peptides corresponding to different regions 
of proteins are useful tools in identifying molecular 
domains of biochemical and functional importance 
within large macromolecules. Many biologically in- 
teresting molecules, such as oncogenes, growth factor 
receptors, kinases and cytoskeletal proteins, are 
known to be phosphoproteins (1). However, currently 
available methods to synthesize relatively long phos- 
phopeptides of putative functional significance are 
limited. Postsynthetic chemical phosphorylation of 
serine and threonine residues (2) uniformly modifies 
all of these residues, but it is often difficult to establish 
whether or not each serine and threonine residue 
indeed corresponds to authentic in vivo phosphoryla- 
tion sites (3). Synthesis of phosphopeptides in solution 
(4) often restricts the size of the peptide being syn- 
thesized to 10-15 residues, mostly because of solubil- 



Abbreviations: Boc, /er/-butyloxycarbonyl; Fmoc, 9- fluorcnyl- 
mcthoxycarbonyl; TFA, trifluoroacetic acid; Ac, acetyl; nP, non- 
phosphorylated; PAL. {5-<4'.Fmoc-aminomcihyl-3' , 5'dimcth- 
oxyphenoxyVvalcrylJ-mcihyl-bcnzhydrylaminc; Bzl, benzyl; DMF. 
^,Ar-dimclhylfo^namide; NF-M. human neurofilament protein 
middle-sized subunit; »Bu. /er/.-butyl; Mtr. 4-mclhoxy-2,3,6- 
trimethyl-benzenesuironyl; CD. circular dichroism; ELISA, en- 
zyme-linked immunoadsorbent assay; Ph, phosphorylated. 



ity problems. Moreover, solid-phase peptide synthesis 
is the method of choice for most biochemistry labora- 
tories today. However, solid-phase synthesis utilizing 
Boc-i^-terminal protection requires HF for the final 
cleavage of the peptide from the resin, and this step 
also removes the otherwise acid-stable O-phospho 
group (5) from serine residues (6). Replacement of the 
HF step with a two-step catalytic hydrogenolysis (7) is 
essentially a form of the liquid-phase approach. 
Finally, the use of the regular Merrifield-resin is still 
associated with the possibility of side-reactions (8). 
Fmoc-amino acid pentafluorophenyl esters have been 
reported to give excellent results in solid-phase syn- 
thesis (9) and selectively to acylate only amino groups 
by these esters, leaving hydroxyl of serine and threo- 
nine unaffected. These properties suggest a p^ossible 
strategy of incorporating O-unprotected serine re- 
sidues in the peptide chain at specific positions for 
later phosphorylation, with protected serine residues 
being used when no phosphorylation will be needed. 
The ^-terminal Fmoc group is removed with base at 
every cycle, and all of the side-chain protecting groiips 
are cleaved with concomitant release of the peptide 
from the solid support with trifluoroacetic acid. To 
test the strategy outlined above, we have synthesized 
and purified H-(or Ac-) Gly-Lys-Ser(Ph)-Pro-Va|. 



129 



L. Otvos, Jr et ai. 

Glu-Lys-OH. These structures were used to model 
and study the physicochemical behavior of phos- 
phopeptides (10). Lys-Ser(Ph)-Pro-Val was previously 
identified as the "building block" of the multi- 
phosphorylation site of the human neurofilament 
protein middle-sized subunit (11). Related phos- 
phopeptide structures were also synthesized in an 
attempt to suggest the generality of our strategy. 

EXPERIMENTAL PROCEDURES 

The following peptides have been synthesized with the 
methods described below: 

H-(and Ac-)Gly-Lys-Ser(Ph)-Pro-Val-Glu-Lys-OH 



Peptide synthesis 

Peptides were synthesized manually on a p-alkoxy- 
benzylalcohoi-lysine resin (0.25 g, substitution: 
0.37mmol/g) (Bachem, Philadelphia, PA), in each 
cycle, the iV-protecting Fmoc-group was removed in 
two steps with piperidine-DMF-toluene (6:7:7; v/v) 
for 5 + 15min. After washing eight times with di- 
methylformamide-dichloromethane (1:1; v/v), a six- 
fold molar excess of the next Fmoc-amino acid penta- 
fluorophenyl ester (Bachem) in DMF was added. 
After monitoring the coupling for completion ( 1 2). the 
resin was washed four times with dimethylformamide- 
dichloromcthane (1:1; v/v). Couplings were carried 
out over a 4-6 h period. The side-chain protecting 
groups were Boc for lysine and t-butyl ester for 
glutamic acid. The hydroxyl group of Ser was un- 
protected; the appropriate pentafluorophenyl ester 
was made in situ from Fmoc-serine and penta- 
fluorophenol with diisopropylcarbodiimide (13) in di- 
methylformamide. After incorporation of the last 
amino acid, half of the peptide resin was acetylated 
with pentafluorophenyl acetate (Fluka) (14) in DMF. 

Phosphorylation 

Upon completion of the peptide chain assembly, the 
free hydroxyl groups were phosphorylated with di- 
benzylphosphochloridate (1.2 m), prepared in situ 
from dibenzylphosphite and AT-chlorosuccinimide 
(Aldrich) (15) in dry toluene. The resins (0.15g, 
peptide content: 0.039 mmol for acetyl-j)eptide, and 
0.2, peptide content 0.054 mmol for peptide with free 
amino group) were suspended in dry toluene (0.3 mL), 
and 0.6 mL dry pyridine was added. The mixtures 
were cooled to —AXf and 0.3 mL of the above- 
mentioned solution of dibenzylphosphochloridatc 
was added. The reaction mixtures were brought to 
- 20'' and stirred for 3 h. The same procedure was 
repeated once, and a third coupling was perfomried 
overnight at room temperature. The resins, which 
turned light brown during the phosphorylation, were 



washed once with dry pyridine, twice with dry benzene 
and finally with dichloromethane. 

Cleavage , . . .« 

The peptides were cleaved from the resm with tnfluor- 
oacetic acid-dichloromethane-anisole (62:30:8; by 
vol.) for 1 h at room temperature. After filtration, 
peptides were precipitated with ether and finally 
lyophilized from 0.1% trifluoroacetic acid. After 
cleavage 23 mg (74% of the theoretical yield) of the 
acetylated peptide, and 35 mg (79% of the theoretical 
yield) of peptide with free iV-terminal amino acid were 
obtained. 

Purification rrr^r ^ 

Peptides were purified on reverse-phase HPLC usmg a 
linear gradient of 0.1% aqueous trifluoroacetic acid 
with acetonitrile. Peptides (12 mg each) were loaded 
on a 10 mm x 25 cm Altex Ultrasphere ODS column, 
and 4.2 mg (26% of the theoretical yield) and 4.8 mg 
(32% of the theoretical yield) of purified peptides 
(acetylated and with free TV-terminal amino acid, re- 
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FIGURE I 

Reverse phase HPLC of purified phosphorylated (- 
phosphorylated ( . pasted on) lest peptides on an Altex Ultra- 
sphere ODS column. Panel A: Ac-pepttdes« panel B: peptides with 
free amino terminus. Solvent A: 0,1% TFA; solvent B: 0.1% TFA 
in CHjCN. Gradient: 5-65% B in 45min starting rrom the vertical 
line. Flow: 3mUmin. Detection: 214 nm. 
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spectively) representing the central portion of the peak 
fractions were collected. Fig. i shows the profile of 
four purified peptides, with the serine phosphorylated 
or non-phosphorylated, and with the amino group 
free or N-acctylated. 'H, '^C, and '*P-n.m.r. study of 
the peptides was conducted in the n.m.r. laboratory of 
the Central Research Institute for Chemistry of the 
Hungarian National Academy of Sciences on a Varian 
400 spectrometer. 

RESULTS AND DISCUSSION 

The present method was developed to extend recent 
work in which we identified the multi-phosphoryla- 
tion site of the human middle-sized neurofilament 
subunit as repeats of Lys-Ser-Pro-Val (11). We also 
demonstrated the existence of immunological similari- 
ties between these multi-phosphorylated repeats and 
the neurofibrillary tangles of Alzheimer's Disease (16), 
based on the reactivity of a panel of monoclonal 
antibodies with synthetic phosphopeptides corre- 
sponding to the multi-phosphorylation repeat 
domain. In our previous method of phosphorylation 
(3), all of the serine residues were phosphorylated. 
However, in the native protein, it is not known 
whether some or all of the serine residues within this 
region are phosphorylated. Thus it was necessary to 
develop a procedure by which to phosphorylate in- 
dividual serine side-chain hydroxyl groups. Although 
preparation of protected and carboxy-esterified phos- 
phoserine residues with Boc-A^- terminal protection 
has been reported ( 1 7), the activation of the N-Fmoc- 
O-dibenzyl-phosphoserine (or diphenyl) was unsuc- 
cessful in our hands. Furthermore, HF was found to 
cleave off the phosphate from O-phosphoserine, as 
detected on thin-layer chromatography (butanol-ace- 
lic acid-water; 4:1:1; by vol.). Although O-phos- 
phoserine is more stable in trifiuoromethanesulfonic 
acid than in trifluoroacetic acid, decomposition is still 
observed during the workup. In determining the 
optima] phosphoric acid chloride, we observed that 
the benzyl group could be removed from the dibenzyl 
phosphate, while the diphenyl phosphate remained 
intact under the conditions used for cleavage of the 
peptides from the aikoxy-benzylalcohol resin. More- 
over, unsuccessful attempts have been reported with 
diphenylchlorophosphate on a sterically hindered 
peptide in solution (18). These conditions suggested 
the procedure described in Experimental Procedures 
for the two test peptides. 

Using this method, we have also synthesized selec- 
tively phosphorylated peptides corresponding to the 
repeat of the human neurofilament protein middle- 
sized subunit. In the sequence H-Lys-Ser-Pro-Val- 
Pro-Lys-Ser-Pro-Val-Glu-Glu-Lys-Gly-OH. both 
Ser^ and Ser^ were phosphorylated individually and 
together, leading to three peptides differing in the 
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Minutes 

FIGURE 2 

Reverse phase HPLC of crude ScH nP. Set' Ph NF-M 1-13. Con- 
ditions arc equivalent to those in Fig. 1. Peak "a" corresponds to 
the target Ser'Ph peptide^ peak "b" corresponds to the residual nP 
peptide that failed to undergo the phosphorylation. The third major 
peak at 30 min is a yellow substance and a common side-product of 
these syntheses. 

position of the phosphate. Data on antigenic proper- 
ties and conformation of these peptides will be report- 
ed elsewhere. Fig. 2 shows the HPLC of the crude 
peptide Ser^ nP, Ser' Ph. 

Purification of phosphopeptides described herein 
was accomplished using reverse-phase chromatog- 
raphy in linear gradient of acetonitrile in 0.1% TFA. 
The incorporation of the phosphate group results in 
more hydrophilic compounds, and these phosphopep- 
tides precede any other peak in the chromatogram. 
The relative position of the phosphopeptide compared 
to the non-phosphorylated analog is characteristic, 
and a good indication of the success of the phos- 
phorylation reaction. 

Table 1 lists the synthetic phosphopeptides, and 
methods used for structural characterization. 

The results on the phosphate content of the test 
peptides (acetylated and with free iV-terminus) show, 
in accordance with expectation (5), that any N- 
phosphorylation did not survive the trifluoroacetic 
acid cleavage conditions. 

In an alternative approach, we investigated whether 
the phosphorylation can be done immediately after 
the serine incorporation. Fmoc-Arg(Mtr)-/7-alkoxy- 
benzylalcohol-resin (Bachem) and Fmoc-SerCBu)- 
PAL-resin (BioSearch) were subjected to the con- 
ditions of the phosphorylation described in Experi- 
mental Procedures to examine the sensitivity of Fmoc. 
2-4% iV-terminal deprotection was estimated by thin- 
layer chromatography (pyridine-acetic-water-ethyl- 
acetate, 20:6: 1 1 :63; by vol., Analtech silica gel plate) 
(Arg) or a ninhydrin test (Ser), presumably due to 
pyridine. One 20-min treatment of Fmoc-O- 
dibenzylphosphoryl-serine-resin with 1 0-30% 
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piperidine in DMF-toluene (1:1; v/v) removed SO- 
TS®/© of .the incorporated phosphate. The ability of 
piperidine to remove the phosphate group from serine 
reflects the strength of this base, and suggests that 
further chain elongation with Fmoc for iV-protection 
will not be compatible with the goal of peptide phos- 
phorylation. 

An additional problem in the approach cited above 
is that the incorporated serine-O-phosphate group 
sterically hinders the acylation of the nearby ammo 
group. H-Ser-(diB2lPh)-resin and H-Lys(Boc)- 
Ser(diBzlPh)-Pro-Ala-Glu(0'Bu)-Ala.resin were sub- 
jected to acylation with a 4 m excess of Fmoc-alaninc 
or Fmoc-isoleucine symmetrical anhydrides for 14 h. 
Whereas the alanine coupled entirely, the slight blue 
color observed (12) in the case of the He indicated 
incomplete coupling. No free amino group was detect- 
ed in control experiments with O-rer/.-butyl protected 
serines. Presumably this steric hindrance is also re- 
sponsible for our inability to activate Fmoc-O- 
dibenzyl-phosphoserine. Based on these findings, the 
incorporation of protected phosphoscrinc during the 
synthesis of a phosphopeptide is less advantageous 
due to electronic and steric effects as compared to 
phosphorylation after the peptide chain assembly. 

In summary, we have described here a novel solid- 
phase synthetic procedure for the preparation of in- 
dividually phosphorylated serine peptides. Since phos- 
phorylation of the peptides is performed after the 
assembly of the peptide chain, our procedure is amen- 
able to use with automated synthesizers. 
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In this paper, we report the solid-phase synthesis of peptides containing O-phosphonoserine using BOP as 
coupling reagent. Commercially available Fmoc amino-acids linked to /7-aIkoxybcnzyl resin were used in the 
first step and Alloc amino acids in the following. Alloc group was removed by catalytic hydrostannolytic 
cleavage. Acid-labile side-chain protecting groups (including phosphate residue) were used. Thus, both 
removal of side-chain protecting groups and cleavage of the phosphopeptide from the resin were achieved 
in one step by treatment with TFA. Alloc serine was phosphorylated by the phosphoramidite method. This 
strategy enables the preparation of peptides with selectively phosphorylated residue and overcomes prob- 
lems due to repetitive treatments with TFA and final cleavage with HF. 
Key words: Alloc amino-acids; BOP; chemical phosphorylation; solid phase synthesis 



Phosphorylation and dephosphorylation of proteins 
play important metabolic and structural roles in many 
biological processes (1-3). The best known of these 
processes is the regulation of enzymic activity, illus- 
trated by the reversible phosphorylation of glycogene 
phosphorylase and phosphatase kinase, two enzymes 
involved in the catabolism of glycogene and isocitrate 
dcshydrogenase, an enzyme of the citric acid cycle of 
E, coli (4). 

In addition, highly phosphorylated proteins occur 
in bones, teeth, and eggs as structural proteins asso- 
ciated with calcium ions, as well as in casein and 
phosvitin of milk. Human and bovine jJ casein con- 
taining three successive phosphorylated serine re- 
sidues are known to form clusters which play an im- 



•Part of this work was prescnied at the llth American Peptide 
Symposium in San Diego. CA, USA, July 9-14. 1989. 
Abbreviations: Standard abbreviations for amino-acids and deriva- 
tives are those recommended by the lUPAC-lUB Commission on 
Biochemical Nomenclature (1972) Biochemistry II, 1726-1732. 
Other abbreviations used arc: EtOAc, ethyl acetate; Boc. t-bulyl- 
oxycarbonyl; BOP, bcnzotriazol-l-yl-oxy-lris(dimcihylamino) 
phosphonium hexafluorophosphaic: Bu', t-butyl; DIEA, N.N- 
diisopropylethylamine; DMF, A^./V-dimelhylformamidc; Fmoc. 9- 
fluorenylmclhyloxycarbonyl; TEA. iriethylamine; TFA, trifluo- 
roacetic acid. 



portant role in the binding of calcium ions and in the 
structural integrity of casein micelle (5). 

More recently, the presence of an unusual phospho- 
diester linkage between the hydroxyl group of serine 
and threonine residues in Azotobacter flavodoxin was 
corroborated by ' H-^* P two-dimensional NMR spec- 
troscopy (6), 

Protein phosphorylation generally occurs on the 
hydroxyl group of specific serine and more rarely on 
either threonine or tyrosine. Phosphorylation is cat- 
alyzed by protein kinases which transfer a phosphoryl 
group from high-energy nucleotide triphosphate to a 
peptide substrate, Phosphorylated proteins are de- 
phosphorylated by phosphatase kinases. 

Phosphatases are themselves regulated by the same 
process of phosphorylation-dephosphorylation. 

It should be noted that, in the amino acid sequence, 
phosphorylated amino acids are usually flanked by a 
cluster of basic arginine or lysine residues. This feature 
appears to be very important for the recognition of the 
phosphorylation site by kinase (3). 

Preparation of phosphopeptides related to biologi- 
cal phosphoproteins should prove useful for the study 
of the biological and structural properties of such 
macromolecules. 

Enzymic methods are very attractive but limited to 
specific sequences (7). Due to high specificity, enzymic 
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phosphorylation is not suitable as a general approach; 
chemical phosphorylation appears more convenient. 

Phosphoserine-containing dipeptides or tnpeptides 
have been obtained by chemical phosphorylation of 
peptides in which only the side-chain hydroxyl group 
of serine was free (8). A modification of the above 
method was recently proposed for the synthesis of 
phosphoseryl-phosphoserine derivative (9) and of an 
hexapeptide containing one phosphorylated senne 
(10). Serine phosphorylation of a preformed peptide 
was also reported as a mean to obtain synthetic sub- 
strate for protein kinase C (H). However, this ap- 
proach suffers several limitations owing to the fact 
that it leads to a mixture of partially and fully phos- 
phorylated compounds. In addition, it cannot be 
applied to the synthesis of large peptides or to peptides 
containing a cluster of phosphate residues. 

When phosphorylation is achieved using either 
phosphite triester or phosphoramidite as phosphoryl- 
ating reagent, a subsequent oxidation of phosphite 
group into phosphate is required (11-14). As a conse- 
quence, the method is not suitable for the synthesis of 
phosphopeptides containing readily oxidable methio- 
nine and cysteine. 

The selectivity of the phosphorylation of peptides 
containing more than one serine residue has been 
recently studied by Otvos and coworkers (36) with the 
synthesis of protected and unprotected serine-contain- 
ing peptides followed by the phosphorylation of un- 
protected serine residues. 

The key step in the preparation of phosphop>cptides 
is the phosphorylation of the side-chain hydroxyl 
group. In that respect, the most suitable method 
consists of converting the appropriate protected hy- 
droxyamino acid into phosphono derivative by treat- 
ment with cheap, commercially available methyl, 
ethyl, benzyl or phenyl phosphorochloridate (7, 9, 10, 
15-24). Two other types of phosphorylating reagents 
have been used currently: 1) aryl or alkyl phos- 
phorochloridite (12). ii) N.iV-dialkyl phosphoramidite 
(II. 13-15). Both methods require subsequent in situ 
oxidation of phosphite triester intermediate into phos- 
phate triester. 

Another crucial point in the synthesis of phos- 
phopeptides is the choice of phosphate protecting 
group. The stable, easy-to-introduce phenyl group is 
widely used (7, 9. 10, 12. 19, 21, 23) together with 
benzyl (11. 14, 16. 18-20, 22, 24), though the latter 
presents some drawbacks due to lower stability m 
acidic medium (7, 11, 18, 22, 26, 27). Both are in 
principle easily removed by catalytic hydrogenation, 
but in some circumstances, especially with large pep- 
tides, incomplete deprotection was observed (unpub- 
lished results). Other alkyl protecting groups were 
employed (16, 17, 22, 24); however, cleavage of ethyl 
or methyl phosphate requires drastic conditions (22, 
28). Recently, the utilization of alkyl ester for the 
protection of phosphate residues in O-phos- 
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phonoserine, threonine, tyrosine and W wa^s 
reported (37). Curiously enough, the use of f^fr/ -butyl 
group, which is very popular in peptide chemis- 
try has only been reported once (14), probably 
because of the lower stability and reactivity of the 
corresponding phosphorohalidates (29), «n con- 
irast to di-fer/.-butyl-phosphoramidate. For this 
reason we selected the latter reagent. 

Concerning the peptide part, both liquid and solid- 
phase methodologies have been utilized Synthesis 
Merrifield Fesin (14. 19, 22) or Phenylaceta- 
midomethyl (Pam) resin (7) were reported. Th^ 
require repetitive treatments with TFA to remove Boc 
temporary protecting groups and drastic HF final 
cleavage followed by catalytic ^rogenation 
remove phosphate protecting groups (7). This meth- 
odology presents serious drawbacks responsible for 
complications; especially inadequate is the nt treat- 
ment, which results in partial removal of phosphate 
group and subsequent degradation. 



RESULTS AND DISCUSSIONS 

We decided to develop a solid-phase method of syn- 
thesis which allows fast, efficient, and reliable prepara- 
tion of phosphopeptides lacking the above mentioned 
drawbacks. We focused on both new protecting 
groups and resin. The p-alkoxylbcnzyl resin first in- 
froduced by Wang (30) proved compattble with 
various protections. We first concentrated on the syn- 
thesis of suitably protected phosphoserine derivatives 
and checked the potentiality of Fmoc as N-protecting 
group of serine. ;^-(9-fluorenylmethyloxycarbonyl)- 
0-(di-fer/.-butylphosphono)-L-serine benzyl ester was 
prepared by reaction of adequately protected L-senne 
with di-/er/.-butyl-;V.Ar.diethylphosphoramidite 
(Phosphoramidite method) (13). When submitted to 
morpholine or piperidine (Fmoc cleavage), P elimina- 
tion occurred, giving a, P dehydroamino acid as the 
main product and the expected A^-deprotected amino 
acid as minor compound (unpublished result). 

This result let us to select another ^^-protecting 
group: the allyloxycarbonyl group (Alloc). Alloc pro- 
tection is easy to introduce by means of readily avail- 
able and cheap allylchloroformate (31) and quickly 
and selectively removed by catalytic hydrostannolytic 
cleavage (32). The utility and reliabiUty of the Alloc 
temporary protection in solid phase methodology 
with methylbenzhydrylamine resin has previously 
been reported (32). Furthermore, the catalytic hydro- 
stannolytic treatment is consistent with the presence 
of acid-labile protections such as Boc, /er/.-butyl ester 
and ether and compatible with the use of Wang resin. 

First of all. we needed adequately estenfied Alloc 
serine with free side-chain hydroxyl group which 
allowed both phosphorylation and subsequent selec- 
tive removal of the carboxylic ester before peptide- 
bond formation. After several attempts we selected 



Solid phase synthesis 



/^-nitrobenzyl ester as the most convenient C-protec- 
tion of the serine residue. 

Thus, Alloc-serine was reacted with /7-nitrobenzyl 
bromide in the presence of TEA to give the corre- 
sponding ester, which was in turn phosphorylated 
with di-/erl.-butyl-iV,A^ diethyl phosphoramidite in 
the presence of tetrazole (13) affording phosphate tri- 
ester intermediate, which was oxidized in siiu into 
phosphate. The /^-nitrobenzyl ester was removed by 
reductive treatment (Zn/AcOH) to give the expected 
/^-(allyloxycarbonyl)-0-(di-/^rr.-butylphosphono)-L- 
serine as an oil (Scheme 1). Free acid was precipitated 



p>iutn>ben^l bromide 



R-NH-CH-COOH 

I TEA 
CH3OH 



RNK-CH-COOpNOzBzl 



(t<BuK})2P-N(CH2CH,)2 
TetruDlcTHF 



R-NH-CH-COOpNOxBzl 

I MCPBA ^ 

CHjO-PtOiBut), ° 
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CH,0-PO(OlBut)j 



CH2-0-F0(O-iBui)2 



R - CHj-CH-CHj-O-CO- (Alloc) 



SCHEME 1 



from ether as dicyclohexylamine salt. This approach 
was applied to the synthesis of two tetrapeptides: 
Arg-Ser(P)-Leu-Asn (peptide A), a fragment of the 
unique site of phosphorylation of isocitrate deshy- 
drogenase (ICD) from E. coii (4) and Arg-Leu-Ser(P)- 
Ile (peptide B), a sequence of the a subunit of phos- 
phorylase kinase (PKa) of rabbit muscle. 

Commercially available Fmoc-Asn and/or Fmoc- 
He linked to the />-alkoxybenzyl resin were first de- 



protected by treatment with piperidine. Subsequent 
amino acids were incorporated using a three-fold 
excess of the apropriate ^-AUoc derivative in the 
presence of two equivalents of BOP (33). All couplings 
were shown to reach completion using Kaiser's test 
(34). Alloc protection was removed by palladium- 
catalyzed hydrostannolysis with tri-butyltin hydride. 
Asn and Arg side chains were respectively protected 
by 4,4'-dimethoxydieihyl (Dod) group, also named 
4,4'-dimethoxybenzydryl (Ddm), and by 4-methoxy- 
2.3,6-trimethyl-benzenesulfonyl (Mtr) group, two 
acid-labile groups. After completion of the sequence, 
the phosphopeptide was fully deprotected and cleaved 
from the resin in one step by treatment with TFA in 
the presence of thioanisole as scavenger (Scheme 2). 
Fully deprotected peptides were precipitated from 
ether as white powder and further purified by reverse 
HPLC. 

Unequivocal proofs of the structure of phos- 
phopeptides were obtained from 'H, 2D-Cosy and 
'^C-NMR analysis. "H-NMR spectra of A and B 
showed six protons between 4 and 8 ppm. 2D-NMR 
spectra allowed assignment of all Ha's and H^'s 
protons of serine residues. Comparison with non- 
phosphorylated peptide showed significant downfield 
chemical shift for Ha and fi of serine in phosphorylat- 
ed peptides. Moreover, increased multiplicity of Ha 
and H^ signals was observed due to H-P coupling. 

The triplet at 5 3.3 1 ppm {Hd of Arg) in compounds 
A ascertains the presence of Arg. Two doublets at 1.01 
and 0.93 ppm together with a multiplet at y 1 ppm 
ascertains the presence of Leu in A and He in B. In 
peptide B the presence of the Arg residue is cor- 
roborated by the multiplet at 2.84 ppm. 

'^C-NMR spectra substantiate the ' H-NMR analy- 
sis. Phosphate group in peptides A and B results in a 
shielding of Ca, a deshielding of C/J, and additional 
splitting of both Ca and Cp of serine residue due to 
C-P coupling. 



FiiioC'^{r1 

I Dod I 
Piperidine 30% DMF | 

NHj-AsnQ 

IOod 
3 couplings (BOP) 



FmoC'UeQ 
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NHj-llcE 
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TFA.Thioanisole 



Ppi(OlBui), 
Boc-Arg-Leu-Ser-IIe-E] 



PO3H, 
Arg-Leu-Scr-ile 



CONCLUSION 

Although phosphorylation of small peptides can be 
achieved without much difficulty, that of larger pep- 
tides or of peptides containing several hydroxyamino 
acids proved uncertain. Whether using liquid or solid- 
phase methodology, semi-permanent protecting 
groups normally cleaved by catalytic hydrogenation 
(benzyl, phenyl) are often less prone to removal: a 
mixture of partially deprotected compounds arc ob- 
tained. Moreover, in the Mcrrifield solid-phase syn- 
thesis repetitive acidic treatments and final cleavage 
from the resin with HF have been shown to cause 
complications in certain peptide sequences, and 
proved inappropriate. The allyl method reported in 
this paper using phosphate ferf.-butyl protecting 
groups allowed us to overcome these difficulties. It 
represents a useful, simple and efficient approach to 
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the synthesis of phosphopeptides. Further work 
dealing with phosphothreonine and phosphotyrosine- 
containing peptides, as well as with multiphosphoryl- 
ated phosphopeptides are in progress in the labora- 
tory. 

MATERIALS AND METHODS 

Fmoc-amino resin, free amino acids, Boc-Arg (Mtr) 
were purchased from Bachem Inc. Alloc-amino acids 
were prepared from free amino acid according to the 
method of Stevens (31). Trifluoroacetic acid (TFA), 
N,7V-diisopropylethylamine (DIEA), methyl phenyl 
sulfide (thioanisole), MCPBA, BOP, and PdCPPhj) 
were purchased from Fluka. Dichloromethane and 
iV,//-dimethylformamide were analytical grade. Tetra- 
hydrofuran was distilled from the sodium-potassium 
ketyl of benzophenone (35) Thin-layer chromatog- 
raphy (TLC) was carried out on Merck precoatcd 
silica gel 60 F254 plates (0.25 mm) using EtOAc/hexane 
(1/1 by vol.) as eluent. Column chromatography was 
performed on Amicon Silica gel (35-70 /i), EtOAc/ 
Hex (6/4 by vol.) was used as eluent. 'H and NMR 
spectra were recorded on a Bruker AC 250 spec- 
trometer. The chemical shifts in deuteriochloroform 
were reported in parts per million downfield from 
tetramethylsilane (TMS) while chemical shifts in 
deuterium oxide were reported in parts per million 
relative to 1.4 dioxane (67.86 ppm, '^C NMR) and 
HOD (4.85 ppm, ^H NMR). Melting points were 
taken on a Buchi apparatus and were uncorrected. 
Optical rotations were measured on a Perkin Elmer 
Model 241 instrument. 

Synthesis ofN-fallyloxycarbonyiJ-O-f di-t- 
butylphosphono) L-serine 

l^'fallyloxycarbonyi)'L'Serin€'P'nitrobenzyl ester (I), 
To a solution of iV-(Alloc)-L-serine (2.0 g, 10.6 mmol) 
and triethylamine (1.8g, 1 7.6 mmol) in ethyl acetate 
(50 mL) was added p-nitrobenzyl bromide (3.6 g; 
16.6 mmol). The mixture was stirred and heated at 90** 
for 16h. After cooling, triethylamine hydrobromide 
was filtered and the filtrate washed successively with 
IM HCl (2 X 50mL). H.O (50mL), 5% NaHCO, 
(2 X 50mL), and HjO (50 mL). Drying (Na2S04) 
and solvent removal in vacuOy followed by flash chro- 
matography on a short column (EtOAc/hexane, 6:4, 
v/v) afforded an orange analytically pure oil (3.0 g, 
87%). la\S - 2.0 (c 1. CHCI3). 

•H-NMR 3: 3.5 (s, IH, OH), 3.93 (q, IH, H^-Ser), 
4.1 (q, IH, H>Ser), 4.51 (m, IH, Ha-Ser), 4.56 (d, 
2H, CH2O Alloc), 5.2 (d, 2H CH, Alloc), 5.31 (s, 2H, 
CH, Bzl). 5.9 (m, IH, CH Alloc), 6.1 (d, IH, NH Ser); 
7.5 (d, 2H, Bz), 8.17 (d, 2H. Bzl). 

'-'C-NMR 5: 56.2 (C-2 Ser), 62.8 (CH, Alloc), 65.7 
(CH,.Bzl), 66.1 (C-3 Ser), 118.0; 123.8; 128.2; 142.6 
Bz), n2.4, 147.7 (2C Alloc) 1 56.4 (C-urethane), 170.5 
(C^l Ser). 



l<'failvioxycarhonyi'0-(di't-butyiphosphono)-L- 
serine p-nitrobenzvl ester (2). To a mixture of 1 
(0.65 g, 2 mmol) and l-H-tctrazole (0,4 g,6 mmol) m 
freshly distilled THF (36) (2mL) was added A^.W- 
dieihyl di-t-butylphosphoramidite (0.53 g, 2.1 mmol). 
The reaction mixture was stirred at room temperature 
for 15min and then cooled to -40'' and MCPBA 
80-85% purity (0.46 g, 2.6 mmol) in 5mL of CHjCK 
was added. The resulting solution was stirred at 0*" for 
45min. The reaction mixture was diluted with 
CHXU, washed with 10% NaHSOj (2 x 25 mL), 
5% NaHCOi (2 x 25 mL), water (25 mL) and satu- 
rated NaCl aqueous solution (25 mL). Drying on 
Na.S04 and solvent removal in vacuo followed by 
flash chromatography (EtOAc/hexdane 6:4, v/v) af- 
forded as an orange analytically pure oil (0.88 g, 
85%). [a]^^ - 1 1.9 (cl, CHCI3). 

'H-NMR 6: 1.45 (s, 18H, Bu»), 4.31 (m, IH, Hp- 
Ser). 4.45 (m, IH, H'^-Ser), 4.59 (d, 2H CH^ Alloc). 
4,61 (m, IH, Ha-Ser), 5.2 (d, 2H, CH^ Alloc), 5.3 (s, 
2H, CH2 Bzl), 5.92 (m, IH, CH Alloc), 6.18 (d, IH, 
NH-Ser), 7.54 (d, 2H, Bzl), 8.23 (d, 2H. Bzl). 

>^C-NMR 6: 29.8 (d, Jc.p = 4.6 Hz, Bu'), 54.7 (d, 
Jcp = 6.5 Hz, C-3 Ser), 65.9 (CHj Alloc), 66.0 (CHj 
Bzl), 66.5 (d, Jop = 5.7 Hz, C-2 Ser), 117.8, 123.8, 
128.3. 142.4 (C Bzl), 132.5, 147.8 (C Alloc), 155.9 (C 
urethane), 169.1 (C-1 Ser). 

U-a(allyloxycarbonyl)'0-(di-t'butylphosphono)-L' 
serine fS;. To a solution of 2 (0.88 g, 1.7 mmol) in a 
mixture of acetic acid (18 mL) and water (2mL), 
cooled at 0**. was added 1 .3 g of zinc dust. The mixture 
was stirred at O*' for 45 mn and then diluted with water 
(50 mL), extracted five times with ethyl acetate 
(5 X 50 mL). The organic phase was dried on Na2S04 
and concentrated in vacuo. The oily product was 
diluted with methanol (50 mL) and treated with char- 
coal for 1 2 h. The charcoal was filtered off, the filtrate 
was concentrated to give compound (3) as a colourless 
oil which was directly used without further purifica- 



tion. 

'H-NMR 3: 
Ser), 4.40 (m, 1 
(d, 2H, Alloc), 
IH, Alloc), 7.3 

'^C-NMR 3 
Jc.p = 6.5 Hz, 
Jc.p = 5.6 Hz, 



1.47 (s, 18H. Bu'), 4.23 (m, IH, H/?- 
H, H/J-Ser), 4.49 (m, IH, Ha-Ser), 4.58 
5.34^5.18 (m, 2H, Alloc), 5.99-5.84 (m. 
1 (d, IH, NH-Ser). 

: 29.9 (d, Jc-P = 4.5 Hz, Bu»), 53.8 (d. 
C-3 Ser), 65.7- (CH^., Alloc), 65.4 (d, 
C-2 Ser), 132.5 147.5 (C Alloc). 156.3 

(C urethane). 

Compound (3) may be purified as cyclohexylam- 
monium salt. 

Synthesis of phosphorylated tetrapeptides A and B 
(Scheme 2) 

Cleavage of Fmoc (first amino acid). The synthesis of 
tetrapeptides was carried out manually starting from 
Fmoc amino-acid linked to resin (0.25 mmol; 463 mg, 
0.54mmol/g resin). The Fmoc group was removed 
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using 50% piperidine in dichloromethane for 30min, 
and the resin subjected to the following cycles: /) wash 
with CH2CK (3 X lOmL) dioxane/water (2:1) 
(2 X lOmL); 2) neutralize with 10% DIEA in CH.Cl: 
(3 X 10 mL); 3) wash with CHXl, (2 x lOmL), 
DMF (2 X 10 mL), CH3OH (2 x 10 mL), and 
CH2Ci2(3 x 10 mL). 

Coupling, The resin was shaken with Alloc amino 
acids (0.75 mmol, 3 equiv.) in the presence of BOP 
(221 mg, 0.50 mmol, 2 equiv.) in a mixture of CH^CU 
(8mL) and DMF (2mL) for 90min. Completion of 
the reaction was monitored by Kaiser's test. After 
each coupling step, the peptide resin was submitted to 
the following cycle of washings: DMF (2 x 10 mL), 
CH3OH (2 X 10 mL), and CHjCK (3 x 10 mL). 

Cleavage of Alloc group. The hydrostannolytic de- 
protection of Alloc group was performed in CH2CI2 
(lOmL) using tributyltin hydride (150/^1). acetic acid 
(50 /iL) and Pd**P(Ph3)4 (14mg, 0.02 mmol) for 15 min 
at room temperature. Then the peptide resin was sub- 
jected to the cycle of washing and neutralization (see 
above). 

Deprotection and cleavage of the peptide from resin. 
The protected peptide resin was first treated by a 55% 
solution of TFA in CHjCl, (20 mL) for 60 min. The 
resin was filtered and rinsed by a 55% TFA solution 
in CH2CI2 (25 mL). The filtrate was concentrated and 
dissolved again in 20 mL of TFA containing 2 mL of 
thioanisole. This mixture was magnetically stirred for 
2h at room temperature. Solvent removal in vacuo 
gave an oily residue which was triturated in ether 
(50 mL). Precipitation of deprotected peptide oc- 
curred immediately (llOmg). 

Purification on semi-preparative HPLC with reverse 
phase. The purification of phospopeptides A and B 
was accomplished by reverse phase HPLC on a Shi- 
madzu SCL-6A instrument using a Nucleosil 7C,8 
column and a linear gradient from 98% A, 2% B to 
70% A, 30% B for 45 min in which A is 2% solution 
of TFA in HjO and B 20% solution of A in acetoni- 
trile. Detection was performed at 215nm. The phos- 
phopeptides A and B were obtained in 40% yield after 
lyophilization. 

Physical data. Peptide A: 13.4 (c 0.5, H2O). 

'H-NMR 3: 0.98 (dd, 6H, CHj-Leu), 1.70-2.07 (m, 
7H, Hi?-Uu, Hy-Leu, H^-Arg, Hy-Arg), 2.92 (t, 2H, 
H^-Asn), 3.31 (t, 2H, H5-Arg), 4.16-4.25 (m, 3H, 
Ha-Leu. H/?-Ser), 4.46 (t, IH, Ha-Asn), 4.71-4.80 (m, 
2H, Ha-Asn, Ha-Ser). 

'^C-NMR S: 22.13, 23.27 (CHj-Leu). 24.71 (Cy- 
Leu), 25.55 (Cy-Arg), 29.14 (C^-Arg), 37.83 (C^J-Asn), 
41.05 (C5-Arg), 41.69 (C/?-Leu), 50.88 (Ca-Leu), 
53.90, 53.95 (Ca-Arg, Ca-Asn). 55.56, 55.66 (Ca-Ser), 



65.23, 65.33 (C/J-Ser), 158.1 (C guanidme-Arg), 
170 76, 171.49, 175.17, 176 (CO Asn, Ser, Arg, Uu). 

Peptide B: [a]]S - 17.5 (c 0.5; H.O). 

'H-NMR^: 1.01 (m, 12H,CH3-ne, Leu), 1.28- 1.35 
(m 2H, Hy-Ile), 1.45-1.63 (m, IH, H^-Ile), 1.71-1.74 
(m, 4H, Hp-Leu, Hy-Arg), 2.00-2.07 (m 3H, Hy-Leu, 
/J-Arg), 3.30 (t, 2H, H5-Arg), 4.11-4.23 (m. 3H, Ha- 
Arg, H>-Ser), 4.40-4.44 (m, IH, Ha-Ile) 4.52-4.58 (t, 
IH, Ha-Leu), 4.71-4.85 (t, IH, Ha-Scr). 

'^C-NMR 6: 11.89, 16, 26 (CHj-Ile), 22.28, 23.22 
(CH3.Leu), 24.7 (Cy-Leu), 25.63. 25.67 (Cy-Aj-g, Cy- 
Ile), 29.33 (CP-Arg), 37.76 (C^-Ile), 41.04, 41.67 (Ci5- 
Leu, C5-Arg), 53.61, 53.90 (Ca-Arg, Ca-^u), 55.40, 
55.52 (Ca-Ser), 58.89 (Ca-Ile), 65.25. 65.33 (C^-Ser), 
156.07 (C-guanidine Arg), 170,58, 171.62, 175.26. 
176.88 (CO Arg, Leu, He, Scr). 
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A Monoclonal Antibody That Recognizes a Phosphorylated 
Epitope Stains Lampbrush Chromosome Loops and 
Small Granules in the Amphibian Germinal Vesicle 
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Abstract. An mAb library was produced against pro- 
teins from the germinal vesicle (GV) of the frog Xeno- 
pus iaevis; mAb 104 was selected from this library on 
the basis of its immunofluorescent staining of lamp- 
brush chromosome loops. Chromosomes from several 
species of frogs and salamanders stained equally well. 
The antibody also stained the sur&ce of numerous 
small granules in the GV nucleoplasm. The interior of 
the same granules was stained by antibodies against 



small nuclear ribonucleoproteins (snRNPs). mAb 104 
also stained somatic nuclei froin many vertebrate and 
invertebrate species, usually in a finely pimctate pat- 
tern similar to that described for anti-snRNP and 
other antinuclear antibodies. The staining of somatic 
nuclei was much stronger during the mitotic stages 
than during interphase. Immunoblot analysis showed 
that mAb 104 recognizes a pho^horylated epitope. 



IAMPBRUSH chromosomes from amphibian oocytes pro- 
vide a useful system for studying proteins associated 
^ with nascent RNA transcripts. Each chromosome has 
a central axis consisting of transcriptionally inactive diro- 
matin (chromomeres) from which loops of active chrcmiatin 
extoid laterally. The bulk of a loop consists of nascent tran- 
scripts with associated ribonucleoprotein (RNP)< still at- 
tadied to the DNA tenq>late. The RNP matrix of a loop is 
so abundant that individual transcription units are readily 
visible by light optical microscc^ (Scheer et al. , 1976; Gall 
et al., 1983). Some loops consist of a single transcription 
unit, whereas mai^ contain two or more units in various 
orientations. 

Antibodies have been used to identify proteins associated 
with the nascent transcripts on lampbrush loops (Scott and 
SommerviUe, 1974; SommerviUe et al., 1978; Martin and 
Okamura, 1981; Lacroix et al., 1985; Roth and Gall, 1987; 
GaU and Callan, 1989; Pinol-Roma ^ al., 1989). Hie 
majority of loops are morphologically similar and contain a 
set of common proteins, including both heterogeneous nu- 
clear RNPs (hnRNPs) and small nuclear RNPs (snRNPs). 
A few landmark" loops are morphologically distinct 
(reviewed in Callan, 1986), and in several cases their protein 
.conqK>sition is known to be unusual. 

We have produced a number of mAbs from mice injected 
with germinal vesicle (GV) proteins from the frog Xenopus 
laevis, and the newt Notophthalmus viridescens. Several of 
these bind strongly to lampbrush chromosome loops (Roth 



1. Abbreviations used in this paper. GV, gemunal vesicle; hn, heteioge^ 
oeous nadean RNP. n bonuctoqwotein; sn, small unclear. 



and GaU, 1987) or to other intranuclear structures. Most are 
relatively species-specific; for instance, most mAbs raised 
against Xenopits react with Xenopus and other anurans (e.g. , 
RoFia) but not with urodeles or otfa^ vert^irates. One mAb, 
designated 104, has proved of unusual interest because it 
cross-reacts with a wide variety ci vertebrate and inver- 
tebrate species. In immunofluorescence assays mAb 104 
stains most lampbrush loops and numerous small granules 
in the GV nucleoplasm. In somatic cells it stains similar but 
smaUer nuclear granules in a strongly cell cycle-diq)endent 
maimer. Immunoblot analysis shows that die ^itope recog- 
nized by the antibody contains a phosphate residue. Here w& 
describe our studies on mAb 104, witii emphasis on its reac- 
tion with lampbrush loops and its usefulness in defining a 
population of intranuclear granules. 

Materials and Methods 
mAbs 

The prodndion of mAbs and their use in immnnobloc analysis and im- 
rouDofhioresceDce are described in Roth and GaU (1987). 

Lampbrush Chromosome Preparations 

GVs were isolated by band from oocytes of X laevis and N. viridescens. 
Lanqibnisb duomosome ynpmi&om were made essentially as described 
is Rodi and GaU 0987) and Callan ei al. 0987), except that 1 mM Mg^ 
was inchided inboth the nuclear isolation and di^sersal media. Mg"*^ is es- 
sential for good morphological preser v ati on of nucleoli, spheres, and small 
granules, especially in the dispersal medium. After centrilugation to attach 
the nuclear contents to the slide, prqnrations were placed (firectly into 70% 
ethanol. 
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Immunofluorescence 

Lampbush chfomosome piquratioiu were transferred firom etfaanol to PBS. 
and then into a 'blocking*' solution consisting of 10% horse serum in PBS 
with NaN3 as preservative. After a few minutes, the blocking solu- 

tion was replaced by the primary antibody, usually undiluted cultured super- 
nate from a hybridoma line. After 1 h the antibody was washed away with 
10% boise serum in PBS and the secondary antibody was applied for 1 h. 
For mAb 104 this was rfaodamine-conjiigated goat anti-mouse IgM (Cappel 
2.211-0201); in other cases ifaodaminft-conjugated goat aiiti->mou5e ]^ 
(Cappel 2^611-0081) or goat anti-human IgG {Capp^ 2,201-0081) was 
used. Preparations were mounted in 50% glycerol containing 1 mg/ml 
phenylenediamine to prevent fluorescence bding. 

Phosphatase Treatment of Proteins 

Proteins were treated with phosphatase either before or after electrophoresis 
and transfer to nitroceUulose membranes. 20 GVb were isolated in 20 /U of 
a buffer consisting of 64 mM KO, 16 mM NaCl. 10 mM MgCh^ 10 mM 
MOPS. pH IX 1 mM E0IA. 1 mM DTT. and 100 |iM PMSK 10 U of 
calf ifitrstinal alkaline phosphatase (Boehringer Mannheim Diagnostics, 
Inc., Houston, TX) were added and the solution was incubated at 37X for 
1 b. Cytological prq>arations and inunuiK>blots were treated with phospha- 
tase fay placing them directly into a solution of phosphatase (aS U/fd) in 
50 mM THs. pH aCX 1 mM EDTA for 1 h at room tenqierature. 



Results 

Production cfmAhs 

Tb obtain antibodies against various nuclear antigens, we im- 
munized mice with proteins from Xenopus GV& according to 
the procedure used prmoasly for Naioph^uilmus (Roth and 
Gall, 1987). Hybridoma cell lines were produced from the 



spleens of die mice, and conditioned medium from 1,300 
lines was tested against GV proteins in a solid-phase radio- 
immune assay. All positive media were dien tested for their 
ability to bind to Xenopus lampbrush chromosomes by in- 
direct immunofluorescence. 

Immuncfluorescent Staimng of GV Contents 
bymAbm 

In our first experiments with mAb 104, we detected binding 
on Xenopus lampbrush chromosomes with a fluorescent sec- 
ondary antibody directed against mouse IgG. The intensity 
of staining was quite variable, and we thought that binding 
was primarily to a small subset of prominent landmark loops 
near the middle of diromosome 14 (Callan et al., 1987). Af- 
ter learning that mAb 104 was an IgM , we carried out subse* 
quent experiments with a secondary antibody against mouse 
IgM. We still found staining of the landmark loops, but now 
we saw staining of nearly all other loops, as well as numer- 
ous small granules in the nucleoplasm. 

Because mAb 104 cross-reacted with proteins from many 
different species, we studied the staining pattern in GVs of 
the newtM viridescens^ whose lampbrush chromosomes are 
fer superior to those of Xenopus for detailed morphological 
analysis. In the newt, mAb 104 stained almost all typical 
lan^brush loops (Fig. 1). lypical lampbrush loops consist 
of one or more 'thin-to-thicl^ regions that rq)resent in- 
dividual transcription units (reviewed in Gall ^ al., 1983; 
Callan, 1986). The same tfain-to-thick pattern was vi^le by 
immunofluorescence and by i^iase contrast or differential in- 





Figure 1. {A) Segment of a Lan^brusb chiorooscnne, six B granules and a small sphere (5) with two B granules on its sttr&ce» from a 
GV of the newt, N. viridescens. Differential imerference contrast shows loops extending laterally from the chromomere axis; the loops 
consist primarily of nascent RNA transcripts and associated protein, whereas the chromomeres are regions of condensed chromatin^ The 
loops and B granules are known from an earlier study to contain snRNPs (GaU and Callan, 1989). (B) ImmimoOuorescence of the same 
area after staining with mAb 104 and rbodamine-labeled goat anti-mouse IgM. The lampbrush loops stain uniformly, but the chromomeres 
arc unstained. Only the pcrif^eiy of the B granules is stained. The body the spbim is at background level. (C) A short segment of 
a lan^rush chromosome, an extrachroniosomal nucleolus and two spheres (5) with attached B graiuiles, from a GV of M viridescens. 
Dififerential interfisrence contrast. (Z>) Inununc^uoresoence image of the same region after staining with mAb 104. The chromosome loops 
and the periphery of the B granules are stained; the nucleolus and the sphere bodies are unstained. Bars, 10 iun. 
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Bgure 2. A single B gnumle fram a GV of the hog Rana tem- 
ponaia^ stained with mAb 104 and rhodamine-labeled goat 
anti-mouse IgM. A through-focus secies taken with a confocal laser 
scan microscope at 0.5-/im intervals. Stain is limited to irr^iular 
petdies on the surfiKe of the granule. Bar, 10 |<m. 



terference contrast* suggesting that the antigen recognized by 
mAb 104 is uniformly distrilnited over the transcription unit. 
Among the few unstained or weakly stained loops were the 
''sequentially labelisgi^ loc^ on chromosome 11 and the gi- 
ant loops on duomosome 2 (Callan, 1986). These landmark 
loc^ &il to stain with otfier antibodies that stain most loops 
(Rotib and GaU, 1987; GaU and Callan, 1989), induding 
mAb iD2, which is directed against several hnRNFs (Leser 



et al., 1984), and mAb Y12, which recognizes tiie Sm epi- 
tope common to the major snRNPs (Lemer et al., 1981). 
The chromomere axis of the chromosomes (Fig. 1, A and B) 
and the multiple extrachromosomal nucleoli (Figs. 1» C and 
D\ 3, A and B) also fiuled to stain. 

In addition to the chromosome loops, mAb 104 stained 
thousands of small granules, ~l-4 /im in diameter, scattered 
throughout the preparation (Figs. 1-3). These "B" granules, 
as we call them, were suspended in the nucleoplasm before 
the GV was spread for cytoiogical analysis. Staining was 
limited to minute patches that cover the sur&ce of the gran- 
ules, as seen most convincingly by confocal laser scan mi- 
croscopy (Fig. 2). B granules contain snRNPs, as shown by 
their reaction with antibodies against die Sm antigen and 
against the trimethylguanosine cap of the major snRNAs 
(Gall and Callan, 1989). Additional evidence for snRNPs in 
.the B granules is provided in Fig. 3, C and A which shows 
stfuning with serum 361, a human autoimmune serum that 
immunoprecipitates Ul snRNPs (David ^^bssarman, unpub- 
lished observations). It is clear tliat the snRNP antigen(s) de- 
tected hy serum 361 are in the center of the B granules, in 
contrast to the peripheral localization of 104 antigen. 

Altfiough mAb 104 stains thousands of small granules in 
the nucleoplasm, oAers remain unstained. Many of the un- 
stained granules have a distinctive 'doughnut" i^^)earance 
(Fig. 3, A and C). This second type, which we call 'A" gran- 
ule, stains intensely with serum 361 (Fig. 3 I>). 

One other prominent nuclear structure stained by mAb 
1 04 is tiie so-called sphere oiganelle. A GV from a medium- 
sized oocyte of the newt contains several dozra spheres, of 
iKiiich the iai^B^ <^ 8-10 /im in diameter (GaU and Callan, 





FigurtX (^) A fieMcomainipg A and B granules and two extractooniosonial nucleoli from a G^ 

contrast Each nudeotus {N) consists of an irregular dtamp of material. TNwo A grarailes are distinguiduible by their liolloi/' appearance, 
whereas the B granules are more homogeneous. (B) The same area after staining with mAb 104 and rfaodamine-labeled goat anti-mouse 
IgM. The miBcc of each B granule is stained. Nucleoli and A granules are unstained. (C) IXvo A and eight B granules horn a GV of 
N, viridescens, Diffisrential interference contrast. (D) The same area alter stainiqg with human serum 361, which is specific for Ul snRNPs, 
and ilKxIamine-labeled goat anti-human ^G. The B granules stain ooore or less homogeneoudy with serum 361, in contrast to their perq)h- 
eial staining with mAB 104. The A granules stain intensely with this antibody. Bar, 10 liin. 
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1989). Th^ usually have smaller spherical or subspherical 
protuberances on their sur&ce (Fig. 1, A and C). The body 
of the sphere is not stained fay mAb 104, but the protuber- 
ances stain exactly like the B granules just described; that 
is, staining is in minute patches on the sur&ce of the pro- 
tuberances (Fig. 1, B and D). 

Antigens Recognized by mAb 104 Do Not Coprecipitate 
withhnRNPi 

A few other antibodies stain the p^pheiy of the B granules 
in the same pattern as mAb 104 (data not shown). Of partic- 
ular interest is mAb iD2, which recognizes several abundant 
hnRNPs (Leser et al., 1984). We asked whether the anti- 
gen(s) recognized by mAb 104 might be coprecipitated with 
hnRNPs. hnRNPs were immunoprecipitated from HeLa cell 
supernatant using mAb 4F4 (Pinol-Roma et al., 1988), elec- 
trophoresed on a polyacrylamide gel, and transferred to a 
nitrocellulose filter. mAb 104 did not react with any protein 
in the immunoprecipitate, although it readily recognized a 
protein when total HeLa cell proteins were tested at the same 
time (data not shown). 



Staining cf Other Cell Types 

We tested for cross-reaction of mAb 104 with cells of other 
organisms. Formaldehyde-^xed tissue culture cells from sev- 
eral animals were stained by indirect immunofluorescence; 
these included human (HeLa), African green monkey (Vero), 
mouse (L cdls and NIH 3T3), Drvsa^la (Scfandder)» and 
Xatopus (Xla). We also tested tissues from a variety of or- 
ganisms, Indudiqg nematode (Cdenorhabdisis), eartfiwonn, 
grasshc^^r iMelanopltts)^ mouse, and an^bians (Rana, 
Pieihodon), la. all cases punctate nuclear staining was de- 
tected. Fig. 4, A-C shows labeling of a single mouse L cell. 
There was no detectable labeling of nucleoli or of condensed 
chromatin, as can be seen by conq>aring the inmnmc^uores- 
cence and DAPI-stained images. The major differences 
among the different oiganisms and cell types were in the 
number and size oi the punctate regions in the nucleus. 

Mitosis 

We noted that the intensity of staining was strongly depen- 
dent cm the ceU cycle (JPig. 4, D-F). As cells entmed 







i 



Figured, {A ) Phase-contrast view erf a mouse L cell, fixed briefly with formalddiyde and double stained with mAb 104 (rhodamlncvlabeled 
second antifaody) and the DNA-specific dye 4', 6<Uamidino-2-i)lieiiylind<de (DAFI). (B) VAPl stain shows heleiochroniatic masses (primar- 
. ily satellite DNA) against a generalized background staia. (C) Immunofluorescence shows numerous bright dots against a lightly stained 
background. The dumps erf antigen do not correspoiid to heterochromatic regions. (D) Diflfexential inieifeieucc contrast view of cultared 
mouse L cells. Dividing cells have roonded op. (£) DAFI stain cf Ihe same cdls. P, M, A, and T indicale cells in (nophase, metaphase, 
anaphase, and telophase, lespecdvely. {F) The same ceUi after immunofluorescent staining with mAb 104 and ifaodamine-labeled goat 
anti-mouse IgM. Staining is intense in cells in mitosis but drops off abnqitly at the beginning of interfdiase (compare the well-stained 
telophase cell at upper left with the unstained early interphase at lower right). Stain is excluded firom the chromosome area. Many but 
not all of the interphase nuclei in the backgrodod are acdially stained as in C, but a pbotognqihic exposure long enough to show this ftct 
would obliterate all detail in the intensely stained mitotic cells. Bars: (C) 10 /im; (F) 20 ^m. 
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prophase, nuclear staining with mAb 104 became more 
prominent. After breakdown of the nuclear envelope, intense 
staining was seen throughout die cytoplasm, and this per- 
sisted through metaphase and anaphase. Early in telophase 
cytoplasmic staining disappeared and granules reappeared 
in the newly formed daughter nuclei. At the same time, the 
general intensity of nuclear staining decreased, reaching a 
minimum durii^ interphase. 

Sedimentation cf Granules Reacting with mAb 104 

Indirect immunofluorescence of many dififerent animal cells 
suggested that much of the antigen recognized by mAb 104 
was organized into microscopically visible granules. To de- 
termine whedier this property could be used to enrich the 
corresponding antigen(s), we sonicated hand-isolated GVs 
and centrifuged them at 12,000 gfyrl min. Analysis of the 
proteins in the pellet and supemate by immunoblotting 
showed that all of the immunoreactive material was in the 
pellet. Magnesium (10 mM) in die isolation medium was es- 
sential for diis effect; without it the antigen remained sus- 
pended, even after centrifiigation at 70,000 ^ for 1 h. We ex- 
amined some of the sedimented material fay centrifuging 
sonicated GV contents onto microscope slides^ which were 
then fixed in formaldehyde and stained witfa-mAb 104. The 
antibody stained an array of minute granules, many of which 
were smaller than the B granules in our cytolagica] prepara- 
tions. 

mAb 104 Recognizes a PhosphoryUUed Epitope 

lb further characterize the antigen(s) recognized by mAb 
104, we used the antibody on immimoblots of Xenopus GV 
proteins. The antibody bound to a sharp band at 43 kD and 
to a poorly resolved smear above 100 kD (Fig. 5, lane I). 
On immunoblots of proteins extracted firom Drosophila tis- 
sue culture cells, the antibody bound strongly to a band at 
55 kD and weakly to a few other bands. 

Because mAb 104 stained mitotic cells more intensely 
than interphase cells, we reasoned that either the protein was 
turning over during the cell cycle, or the epitope recognized 
by the antilxxly was altered by a posttranslational modifica- 
tion in a cell cycle-dependent manner. Since mai^ proteins 
are transientiy phosphorylated during mitosis, we tested for 
antibody binding after dephosphorylation. Nitrocellulose 
strips that carried GV proteins were incubated with calf in- 
testinal alkaline phosphatase before immunostaining with 
mAb 104. After incubation, antibody bindsxig could not be 
detected (Fig. 5, lane 2). /S-glyoeiDphosphate, a strong com- 
petitive inhibitor of phos|Aiatase, prevented the loss of anti- 
gen activity (E^. 5, lane 5). Sintilar results were obtained 
by treating GV proteins witit pbosfrfiatase before electro- 
phoresis and transfer to nitrocellulose membranes. Immuno- 
fluorescent stainiog of formaldehyde-fixed tissue culture 
cells and granule pr^arations was likewise greatly reduced 
or eliminated by phosphatase treatment (data not shown). 
These results suggest that dephosphoiylation of the antigen 
inhibits antibody binding, and that the epitope recognized by 
mAb 104 involves a phosphate residue. The epitope proba- 
bly includes other residues, since naany phosphoproteins do 
not bind this antibody. For instance, nuclepplasmin is the 
most abundant GV protein and it is heavily phosphorylated 
(Krohne and Franke, 1980), yet it does not bind mAb 104. 
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figure 5. Immunoblot of X. 
(dais GV prolans stained with 
mAb 104. Qane i) Control 
lane containing proteins from 
25 G\% s^>arated by SDS- 
R^E and inunuDOStained with 
mAb 104. Detection was by 
HRP. A band is visible at 'v43 
kD» as well as a smear in the 
rang^ above 100 kD. Positions 
of molecular mass standards 
are given in kUodaltons. (lane 
2) A similar immunoblot, but 
the filler was treated with calf 
intestinal alkaline pbos{dia- 
tase before immunostaining. 
No stain is visiUe. Gane 3) 
Similar to lane 2 except that 
the filter was treated simul- 
taneously with calf intestinal 
alkaline phosphatase and the 
competitive inhibitor 0-gty- 
cerophosphate. 



Discussion 

We b^an our immunc^uorescence studies on amphibian 
GV& with the aim of idratiiying proteins associated with the 
nascent transcripts on lampbni^ chromosoine loops (Rotii 
and GaU, 1987). In our first studies we used a Mg^-free 
solution of relatively low ionic strength (20 mM and 
Na^) for spreading the GV contents. In such a solution the 
matrix of the loops esqunds, and die multiple nucleoli par- 
tially dissolve. Botii features are helpful when attention is 
directed specifically to the chromosomes. In order to pre- 
serve nonchromosomal elements of die GV in our more re- 
cent experiments, we have added 1 mM Mg^ to the solu- 
tions in which are isolated and in which die nuclear 
contents are spread for cytological observation (in Mg** ctni- 
centrations of 5 mM or more, GV contents will not spread). 
In 1 mM Mg^, the nucleoli are preserved intact, as are 
thousands of smaller granules present in the nucleoplasm. 
Spheres are retained in spread prqwrations either with or 
without Mg**, but the promberanoes on their sur&ce are 
better preserved in Mg^. With the good morphological 
preservation attained in Mg^ preparations, we new find 
that several antigens associated with nascent transcr^ts are 
also present in the spheres and granules. This first became 
clear when we stiidied two antibodies specific for snRNPs: 
mAb Y12 that recognizes the Sm epitope (Len^r et al., 
1981) and mAb K121 that recognizes the trimetl^rlguanosine 
c^ of snRNAs (Krainer, 1988). These two antibodies stain 
the si^eres and gramdes (both A and B types), but they also 
stain most lan^>brush loops (Gall and Callan, 1989). In the 
present study we foimd that mAb 104, detected originally on 
the basis of its loop staiiung, also stains B granules and the 
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protuberances on spheres; it does not stain A granules. The 
detailed stainiQg pattern of mAB 104, however, is quite 
different from that of mAbs Y12 and K121. mAb 104 stains 
the periphery of the B granules and the periphery of the pro- 
tuberances on the spheres (Figs. 1-3), whereas Y12 and 
K121 stain the body of the sphere and the interior of the gran- 
ules and protuberances. Other anti-snRNP antibodies, such 
as human serum 361 (Fig. 3, C and D), similarly stain the 
interior of the B granules and protuberances. The granules 
stained by mAb 104 are abundant in the GV, but as already 
noted, there are many granules that do not stain with this an- 
tibody. Partly on the basis of morphology (Fig. 3, A and C) 
and pardy on the basis of composition, we recognize two 
types oi granule: A granules, wiiich often have a doughnut 
appearance and fell to stain with mAb 104, and B granules, 
which are homogeneous in appearance and stain peripher- 
ally with mAb 104. In GVs of N. viridescens these two cate- 
gories probably account for the majority of granules widi di- 
ameters in the 1-4-^ range, although additional types may 
be recognized as we test more antibodies. The protuberances 
on spheres are identical in all respects to B granules. 

Two other antibodies that we have studied in detail stain 
like mAb 104. These are mAb iD2, which recognizes sev- 
eral abundant hnRNPs in a variety of vertebrate species 
(Leser et al., 1984), and mAb SE5, which recognizes a 90- 
kD loop protein from the newt (Roth and Gall, 1987). The 
stainiQg ^B granules (bodi free and on die spheres) fay mAb 
iD2 is particidarly interesdxig, because it suggests that one 
or more of the major hnRNPs are associated with snRNPs, 
not only on the nascent transcripts, but in extFachfomosomal 
structures as well. On the basis of their identical subnuclear 
localization, we might expect diat the antigens recognized by 
mAbs 104 and SE5 would also be hnRNPs. We immunopre- 
cipitated the hnRNP complex: from HeLa cells (Pinol-Roma 
et al., 1988), but mAb 104 did not react with any protein 
in this group. Because mAb SE5 does not cross-react with 
itiflfufinalian proteins, we did not carry out a comparable test 
with it. Further study will be required before we can classify 
the antigai(s) recognized fay mAB 104 and assess the rela- 
tionship between proteins in the B granules and those on the 
nascent transcripts. 

The staining pattern on the chromosome loops is quite 
similar for all the antibodies we have discussed (mAbs 104, 
SES, iD2, Y12» K121, and serum 361). AU stain the majority 
of typical loops, bat leave certain pn»nineiit landnoark loops 
unstained; chief amoqg the latter are the "tejuentiaUy label- 
ing loops^ on chromosome 1 1 and die giant loc^ on chromo- 
some 2. Staining of typical loops is more or less proportional 
to the mass of RNP matrix, as shown fay the general similar- 
ity frf the immunofiuorescent and phase contrast or differen- 
tial interference contrast images (Fig. 1). Certain morpho- 
logically identifiable loops may be stained relatively more 
intensely by one antibody, but we have not seen cases where 
antibody staining was limited to one part of a transcription 
unit. A possible interpretation of diese observations is that 
most nascent transcripts are associated along their wtole 
lengdi with a common set of hnRNP and snRNP proteins. 
Certain loops lack diese proteins and a few have them in al- 
tered relative proportions, but within a given transcrqytion 
unit their distribution is uniform. Our observations are less 
conqwtible with models in which hnRNP and snRNP pro- 



teins or protein complexes go on and off the nascent tran- 
scripts ind^ndently. 

mAb 104 has beat useful in characterizing various com- 
ponents in the GV, particularly the granules that contain 
snRNPs. mAb 104 also stains somatic nuclei from a variety 
of vertebrate and invertebrate species. The staining pattern 
in somatic nuclei is similar to that described as speckled or 
punctate for several anti-snRNP antibodies (L^iier et al., 
1981; Renter et al., 1984; Nyman et al., 1986; Spector and 
Smith, 1986; Spector, 1990) and a non-snRNP splicing fee- 
tor (Fu and Maniatis, 1990). 

Staining by mAb 104 is strongly dependent on the cell cy- 
cle. Although weak staining is evidrat in most nuclei that we 
have observed, the intensity of stain is dramatically en- 
hanced from prophase through late telophase of the cell cycle 
(Fig. 4, D-F), After brealolown of the nuclear envelope, 
staining occurs througjiout the cell, as is connmon for many 
nuclear antigens. 

Immunoblots of proteins frt>m several sources (mouse, hu- 
man, newt, and Drasophila) show a strong immunoreactive 
band in the range of 40-55 kD, suggesting diat the im- 
munofluorescence assay mc^ recognize related proteins in 
these different species. We have shown that the ^itope rec- 
ognized by mAb 104 includes a phosphate residue. We do 
not know wheth^ the 104 protein fluctuates in amount dur- 
ing the cell cycle or is phosphorylated and dephosphorylated 
in a cell cycle^despendeat fsishion (or both). Many proteins 
are i^osphoiylated during mitosis including lamins (Otta- 
viano and (jonce» 1985), pp60'-'» (Chacla^^Mrampil and 
ShaUowi^, 1988), and proteins involved in die control of mi- 
tosis (Draetta and Beach, 1988). Some antibodies raised 
against mitotic cells react with phosphorylated groups on a 
variety of proteins only during mitosis (Davis et al., 1983). 
Whether the antigen(s) recognized by mAb 104 pl^ an es- 
sential role in mitosis, or merely undergo secondary changes 
during the cell cycle remains to be determined. 

We have tised mAb 104 to screen cDNA expression 
libraries of Xenopus and Notophxhalmus ovary RNA, but so 
fer have foiled to recover positive clones. A likely problem 
is diat the {Aosphorylated epitc^ recognized by the anti- 
body is not present on die protein produced by lambda 
phage. As an alternative approach we have purified enough 
of die 55-kD protein fxomDrosophila cells to begin microse- 
quendng. We hope eventually to study die production of the 
104 antigen in oocytes and somatic cdls» uid to examine its 
regulation during the cell cyde. 
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